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Abstract

The helicon discharge has attracted growing interest as a dense plasma source (order of 10'3 cm ™) for ba-
sic research and various practical applications. However, the problem of a high efficiency production mecha-
nism for the helicon discharge remains to be solved. This mechanism is discussed in terms of a comparison
between experimental and computed results, focusing on a mode conversion theory from helicons into slow
waves (Trivelpiece-Gould mode). In addition, recent topics regarding helicon wave physics as well as plasma

applications and future trends in utilizing this wave are highlighted.
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Fig.1 Dispersion relation of helicon wave with azimuthal mode

number m =0 with uniform radial density profile (a: plasma
radius). Here, excitation frequency f, electron density e,
axial magnetic field B and parallel wavenumber kj are in
units of MHz, 1013 cm™3, kG and cm™1, respectively [2].

Fig.2 Varioustypes of antennae for excitation of ahelicon wave:
(a) loop antenna, (b) antenna with no helical pitch angle,
(c) antenna with double saddie coils, (d) type Ill antenna,
(e) helical antenna with half-wavelength and (f) spiral an-
tenna [2].

SNTWAKAREAY I VET T AT E, DT
WZERIZR B,
) WSy 7 b LEC (WAEANINT—,
HAIEH) BLET, WEE— FAFEEGR TS
%= (ICP : Inductively Coupled Plasma[1,8]) #*&

AT VEEE-FIZEDLD, 1 - 2/ICLBEA
KELEE LHBH BN E W (2 1£[9-11],
Bk o Fig. 7 B, R ERBFIT v 7 F D
R S

2) PRATTOWREREE BT 5 X E R i DY



Commentary

RSN Y VR TE SR B12). Zhig,
MHD DRRFBE (N b5 3 — 5, EITEA
VxB=2AB (A Z8)) 3] :mMUAFBX i+
7ZOTHD, EBIZEFE-REESAEZHON, £
B KR OFRICEB L ik BEE s B ohT
Vw519,14-17].

3) AABDE— Fm | EFRTHVWORTWEE— K
-1, 0, 1P FTHHP, m=-1F— Fi3
m=1%— FEZIBEES NI CEHTORE
bREW (BIZI£15,16)).
SEDSHRDOBLATLRNDA, BEIIAY IV TS

AT DIERABO—&HE LT ICHEIEYT. EE 7ot

THTRRORT-HUEORVT I XL, BRHLP

REMICHBE TR EETNERSh, BRE, BE

Ttk ENL LAY 75X BT, Ty F

v 7 (Al SiO; %) RMEOHAE (Al, SiO, aC, c-BN,

CN, SiOF, TiO2/Si0; %) 2 hiizithiiTv 5 (18-

30]. —HNY 275 X<iEbHK (Trikon Technol-

ogy. Inc. (MORI Source) % Australian Scientific Instru-

ments Pty Ltd. %) S Twa. 7, 488nm ® Ar Il

T4 DOV —=F-RIR[31]P, BHEEBETH TSI X<

R (B ZEA — X M5 Y 7 o SHEILA Heliac 3 8

(32,33] Tk, ¥ 7NH FAEIRE Y — v 7 0 7+ 7108

ecm TP REDT I X2 AR KLHWLRTWS, &

B, ERERCIANGFVAEFEIFHEIA TS, 7

AT T U AFDILA T4 DRSS R 25 Ebh

5.

3. ANVAVETSATDOEREE

3.1 HERNEER
LSRR L IS, ANY 3 ric k2 BERI
(BT 7 X< ) I M 7 5 B 223 Tl ERRAYIC 3L
HTEY, DANET v Sy BRENAE I 2B EEL R
2. SOTHRRBEL T VYV YIRE L MO BERET
Z, TheEh(2)12,34] R (3) [12)R iR+

ki =vik i lwee ~ vew 2/kuﬂé ol (2)
ky, =22 wk £ exp (=) Nwee (3)

VA lXBTFEPHRTFLEDHRLEETFAA v Dr—1 i
RIAWI, O SMBRAF ¥ & clope, § = olkyVy. ThHD
Ve D W FHGEIE) . 72750, R(2)—FH0E 0L,
ky 3 ki = 2 (0loecd) & kup = (0lwe)"™ 18 & DDA
O VRIEMERICH LB HHTHB(34] (5%

Recent Topics on High Density Plasma Production by Helicon Waves

S. Shinohara

BETHROKEWHEII R (35] 2 BH).

T IREARE BIIE, ANY 3 VOB
BFEELARETEZVEWITLE WS, 2RI F
eVULEDELANF-BIRLENLY 75 X2 i3
eV) ThHob. 207~ VETFELET L5 E D h 2RI
THLDIZE L DMEN L SN HXI36], BETF
FAF37]), HESO—-7(38liI2BVTE—- L BFOHE
ERR SN/, ERMICHRCIEE 23T 2121208
Bhot: (72, BTMEX AL L1220 TiE, 7>
7 RS B R ETHIR 40 0#ER b b o). BB
TH—THEFIIBVWTIERF VA X3 FTIF20H0EE
A, ZEOLNRLETFIFLTEZF—LERS5 D, &
BEDY—-LDFEEEZEETH LD T THM[41].

IIT, N IVEDOBERBIIOWTEZ L L, K
AL THEBE (BFMHE) Llkr %z A Hh = X5 (it
THEDE— FEBRDH) ORM O 2h 5. aiEidm
EHNFEDHMEMMIZLALDTH DA, Lk L8
RIEBET FVIRE, BLIUY L 70 rikE
(e >10¥ cm * MELE) TREEMIIHBETELVD
PHIRTHD (HRBED TXTEHBET 07T
"), ZOEMIZ, KBBBLBEOIALE— W,
We, BFOZALNE—T DL, AN 22T
W T>W, OB A H B0, 8T ANLFE—W
=W +T+ W) OBES, T Z3oMEC3EE+ 20
WEBTHL90EEZ 5N 5[42].

ZITHREDANZ AR T EZN, BEHD
WKoTEAAN) A ENPLOBER GBI, TG:
Trivelpiece-Gould Mode) ~?®E— FE#|Z L 2 RIE
BOHH2-44]TH B, BLDICOBEBRONEL W

ML, RICFOWEEBROBRIIOWTHENS, T+
BREN) I EEOBBRIZOGTERS, & —k
77 A[45] TG L2 IZoVn TR R L
Y, COFA v AT—FHRTIZ1I2D k28 L ks
DSV (NY T8 LREVER (TGH) b
%[5,9,43,46]. MiTk #—FIZLTB LA THML
72 ky=ne SEHE LD S BR % Fig. 312, by & B 2% 7-
B D ne—k, PH LORMBOEFEG % Fig 4 12 R T
(47). & 2 DOMO WM (FI 213 ky—ne FIHH) 1S BE
TEDLRDPoTW5ED, f<fin (RIRBRERE OBH
B (f=7MHz TB>680G) TiEHhLAEV (EEE
MDOMBRAINY 2 2 ¥, EEEWA TG, E %2 2) DHH
MTH5.

TGHIET> Wy > W, TH O EHIEED Z 0o Eze K
FIIRE L, BEOBYE ki RATOL30ESR S



Journal of Plasma and Fusion Research Vol.78, No.l January 2002

n (cm‘s)

0.001 0.01

Fig.3 Electron density ne as a function of parallel wavenumber
k) under different magnetic fields with azimuthal mode
number m = 0, the first radial mode and the frequency f
= 7 MHz (calculation) [47].
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Fig.4 Relationship between perpendicular wavenumber k| and
electron density nechanging parallel wavenumber k| , with
the magnetic field B equal to (a) 1,000 G, (b) 300 G and
(c) 30 G at frequency f of 7 MHz (calculation} [47].
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Fig.5 Scenario of a surface mode conversion from the helicon
to Trivelpiece-Gould (TG) waves.
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Fig. 7 Electron density ne as a function of input power P, for (a)
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(filling pressure Py = 51 mTorr) (experiment) [47].
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axis, as measured (crosses) and computed with the
H-TG (solid curves) and TE-H (dashed curves) models,
for the anti-paralle! antenna currents, Po = 51 mTorr
and B = 300 G [60]. (a) Low density mode before the
jump, np =2 X 10" cm=3 and (b) high density mode
after the jump, np =103 cm=3.
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Fig. 12 Fractions of the total power P, absorbed in various parts
of the uniform plasma [60]: (a) in the under-antenna re-
gion; (b) in the edge layer; and (c) in the edge layer ot the
under-antenna region. Solid and broken curves were

~ computed with H-TG mode! and with TE-H model, re-
spectively, at B = 300 G, Po =51 mTorr and parallel cur-
rents in the antenna loops.
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